This study compared physicochemical properties, anion and carbon content and major and trace elements in desalinated and non-desalinated bottled water available in Qatar, and assessed the potential health risks associated with prolonged consumption of desalinated water. Results indicate that Qatar's population is not at elevated risk of dietary exposure to As (mean ¼ 666 ng/L), Ba (48.0 μg/L), Be (9.27 ng/L), Cd (20.1 ng/L), Cr (874 ng/L), Pb (258 ng/L), Sb (475 ng/L) and U (533 ng/L) from consumption of both desalinated and non-desalinated bottled water types available in the country. Consumers who primarily consume desalinated water brands further minimize risk of exposure to heavy metals as levels were significantly lower than in non-desalinated bottled water. Desalinated bottled water was not a significant contributor to recommended daily intakes for Ca, Mg and Ffor adults and children and may increase risk of deficiencies. Desalinated bottled water accounted for only 3% of the Institute of Medicine (IOM) adequate intake (AI) for Ca, 5-6% of the recommended daily allowance for Mg and 4% of the AI for F among adults. For children desalinated water contributed 2-3% of the IOM AI Ca , 3-10% of the RDA Mg and 3-9% of the AI F . Cidu et al. (), resulting in unique exposure conditions for consumers. To date, studies have focused on the health impacts of bottled water derived from natural fresh water 437
INTRODUCTION
As water scarcity increases globally, many countries are forced to supplement existing drinking water resources with desalinated water to meet rising demands. Approximately 75 million people worldwide rely on desalinated water with this population increasing as fresh water shortage is realized throughout the globe (Avni et al. ) .
Qatar, like many other arid nations, is completely dependent on seawater desalination technologies for potable drinking water, including bottled water (Darwish et al. ) . This dependency creates a condition of high vulnerability to compromises in drinking water quality and quantity due in part to inadequate storage capabilities and the risk of source water contamination.
Currently, bottled water is the primary source of drinking water in Qatar and other Gulf states, due predominantly to the public perception of increased quality in comparison to municipal tap water (Wait ) . This opinion is prevalent despite the fact that bottled water has been shown to contain higher levels of some contaminants due to inadequate regulation and monitoring, pollutant content of source water and packaging and storage conditions that give rise to trace element contamination (Shotyk & Krachler a, b; Westerhoff et al. ; Guler & Alpaslan ; Krachler & Shotyk ). Bottled water consumption is an important route of trace element exposure as the continued intake of heavy metals in drinking water, even at low concentrations, has been associated with various cancers, neurotoxic effects, The trace element and micronutrient content of bottled water is highly varied, as highlighted in the meta-analysis by sources with limited to no inclusion of the chemical composition of water from seawater desalination processes and the health effects of long-term consumption of these products.
Desalination technologies efficiently remove many trace elements and natural ions from product water potentially reducing the risk of exposure to trace contaminants but also reducing the intake of essential nutrients (Ludwig ; WHO a). The inadequate intake of essential minerals from prolonged consumption of desalinated water may result in nutrient deficiencies and profound health impacts for dependent populations (Guler & Alpaslan ) .
The aims of this multi-element study were to: (1) quantify the trace element and micronutrient content in desalinated and non-desalinated bottled water available to consumers in Qatar; (2) assess the impact of container type on trace element content; and (3) use the National Academy of Sciences Institute of Medicine (IOM) recommended daily allowance (RDA) and adequate intake (AI) values to assess the contribution of desalinated and non-desalinated bottled water consumption to Ca, Mg and Fintakes for adults and children. Daily intakes (DI) of micronutrients from bottled water consumption were calculated using the following equation:
MATERIALS AND METHODS

Sample collection
where C refers to the concentration of the element of interest in bottled water (mg/L) and DC refers to the daily water consumption recommended by the WHO (L/day). Under average conditions, the DC for an adult female is 2.2 L/day, 2.9 L/day for an adult male and 1.0 L/day for children 18 years and younger (WHO ). Populations in Qatar rely on bottled water as the primary drinking water source; therefore, 100% of drinking water intake was assumed to come from bottled water sources. There is evidence of dietary Ca and Mg deficiencies in many parts of the world today; these deficiencies may become increasingly exacerbated as reliance on desalinated water increases (WHO a). The contribution of drinking water to Ca, Mg and Fintake for populations dependent on desalinated water is explored in the following section.
RESULTS AND DISCUSSION
Contribution of desalinated bottled water consumption
to recommended daily intakes for Ca, Mg and F -Drinking water contributes between 1 and 5% of the total dietary intake of several micronutrients. The contribution is much higher for Ca and Mg, up to 20%, as well as F -, up to 80% of the daily dietary requirement (WHO , ). contribution to nutrient intake, cooking with water of low mineral content has been shown to decrease mineral content in cooked foods; therefore, the low Ca and Mg content in desalinated water may indirectly impact the dietary intake of these elements and further increase the risk of deficiencies (Haring & Van Delft ) .
Children are uniquely susceptible to mineral deficiencies and are at higher risk of developmental impacts (WHO ). Table 5 shows the contribution of desalinated and non-desalinated bottled water to the AI Ca , RDI Mg and AI F for children ages 1-10 years. Desalinated bottled water contributed between 2.7 and 3.8% of the AI Ca while nondesalinated brands ranged from 11.3 to 15.3%. For the Drinking water guidelines should reflect the low mineral quality of finished water and impose minimum nutrient requirements to minimize adverse human health impacts.
A variety of cost-effective remineralization techniques are currently available to increase nutrient content of desalinated seawater.
